Predicting the risk of disease progression in IgA nephropathy (IgAN) remains a challenge. This study was conducted to test the hypothesis that renal accumulation of advanced oxidized protein products (AOPPs) is an early predictor for renal progression in IgAN. This was a single-center prospective cohort study. One hundred IgAN patients with eGFR480 ml/min/1.73 m 2 were enrolled. Seventy-seven patients were followed for a mean of 4.2 years, and 30 patients received repeat renal biopsy at a mean of 42 months after diagnosis. The outcomes were the progression of renal fibrosis and rapid progression of CKD (45 ml/min/1.73 m 2 /year) during follow-up. Immunoreactivity of AOPPs was detected predominantly in tubular epithelial cells and co-localized with expression of TGF-b1 and angiotensin II. Renal staining score of AOPPs at diagnosis was associated with the level of tissue cellular inflammation. Accumulation of AOPPs, particularly in interstitial-infiltrating cells, was negatively correlated with changes of eGFR during follow-up; those with expression scores greater than the median at diagnosis had significantly higher incidences of rapid decline of eGFR compared with those with the score less than or equal to the median. For patients who received repeat renal biopsy, renal AOPP levels greater than the median at diagnosis were associated with increase in renal fibrosis index at repeat biopsy. After multivariate adjustment, renal AOPP expression was an independent predictor for progression of renal fibrosis and rapid decline of eGFR. Taken together, these results demonstrate that renal AOPPs might be a predictor, detectable at the time of diagnosis, for renal progression in patients with early stage IgAN.
Immunoglobulin A nephropathy (IgAN) is the most prevalent type of primary glomerulonephritis and the leading cause of end-stage renal disease (ESRD), especially in the Asia-Pacific area. It is recognized that the outcome of IgAN is highly variable among individuals. The progression of IgAN to ESRD is reported to vary from 5 to 25% after 10 years and 25-50% after 20 years, with a spontaneous clinical remission rate from 5 to 30%. 1 Therefore, early identification of patients at high risk of renal progression, particularly at the time of diagnosis, would facilitate timely interventions and avoid unnecessary exposure of toxic therapies.
Several clinical variables have consistent and independent associations with worse kidney prognosis. Increased serum creatinine, arterial hypertension, and nephrotic-range proteinuria at discovery are meaningful but not powerful predictors of an adverse long-term outcome. The levels of blood pressure and urinary protein excretion during followup are more predictive on outcome. 2 An additional predictor of an adverse renal outcome is an elevated IgA/C3 concentration ratio at baseline, but this has not yet been confirmed in multiple, geographically diverse populations. 3 Renal fibrosis is a common pathway for progression of chronic kidney disease (CKD). Glomerulosclerosis and interstitial fibrosis has been identified as strong predictors of outcome. However, these histological lesions may not be obvious in early IgAN. 4 Our ability to reliably riskstratify patients with IgAN at the time of diagnosis remains limited.
Activation of the oxidative stress pathway has been identified in IgAN. Imbalance of oxidation/antioxidation has been detected in sera and/or in erythrocytes of patients with IgAN, 5 suggesting that the markers of oxidative stress may be potentially predictive for progression of IgAN. Advanced oxidation protein products (AOPPs) are defined as dityrosine containing cross-linked protein products generated by monocyte activation and are recognized as the markers of oxidative stress. 5 Our recent studies have demonstrated that chronic AOPP load in animals with or without CKD results in AOPP expression in renal tissue and promotes tissue inflammation and progression of renal fibrosis. 6 Therefore, it is of clinical interest to test whether AOPPs are expressed in renal tissue in human IgAN and whether AOPP expression level or location predicts progression of renal fibrosis.
Therefore we conducted a prospective cohort study to test the hypothesis that renal AOPP expression level and location may predict disease progression of IgAN. In this cohort of 100 IgAN patients with normal renal function at presentation, we found that AOPPs accumulated in renal tissue and co-localized with pro-fibrotic factors transforming growth factor-b1 (TGF-b1) and angiotensin II (AngII). Renal AOPP expression intensity and localization closely correlated with the level of tissue cellular inflammation at the time of diagnosis and the higher staining score was associated with the risk of rapid progression of CKD during a 4-year followup. In 30 patients who received repeat renal biopsy at a mean of 42 months after diagnosis, renal AOPP expression at initial biopsy was independently predictive for progression of renal fibrosis even after adjustment with the known risk factors. This is the first study showing that renal AOPPs accumulation is an early predictor, detectable at the time of diagnosis, for renal progression in patients with relatively early stage of IgAN.
MATERIALS AND METHODS Patients
This is a single-center prospective cohort study approved by Guangdong Provincial Research Institute Review Board, and all subjects provided written consent. Between October 2005 and May 2010, patients who presented with biopsy-proven primary IgAN and normal renal function (eGFRZ80 ml/min/1.73 m 2 ) were prospectively included. We included patients who presented with microhematuria, significant but non-nephrotic proteinuria, with or without hypertension, and normal renal function. This patient population represented the typical IgAN with low or moderate risk for disease progression at the time of diagnosis. 7 Exclusion criteria include: those o14 or 465 years of age, those with cofounding diseases such as diabetes, liver disease, or infection, and those who carried a secondary renal pathological diagnosis. We also excluded patients who presented with eGFR o80 ml/min/1.73 m 2 or with nephroticrange proteinuria (Z3.5 g/day) at the time of diagnosis. All the patients did not receive any treatment before diagnosis.
Procedures
This was an observational study. Treatment of IgAN was based on standard of care 8 and entirely independent of the study. The treatment included prednisone plus renin angiotensin system (RAS) inhibitors (n ¼ 67) or RAS inhibitors alone in patients who were unwilling to receive prednisone (n ¼ 33). Blood samples and 24-h urine were collected before diagnostic biopsy and during follow-up. Seventy-seven (77%) patients were followed at the outpatient clinic every 6-12 months for a mean of 4.2 years (3-7 years). Twentythree patients were lost after hospital discharge or during follow-up because of moving to other cities (n ¼ 12) or lost connection (n ¼ 11). Thirty (30%) patients received repeat renal biopsy at a mean of 42 months (36-84 months) after diagnosis. The reasons for repeat biopsy include: evaluation of therapeutic response in patients with minor proteinuria or isolated hematuria at diagnosis (n ¼ 14), to assess histological reversibility of IgAN (n ¼ 6), or to elucidate disease progression in patients who developed hypertension or persistent proteinuria that is resistant to therapy (n ¼ 10).
Outcome Definitions
Rapid progression of CKD was defined as a sustained decline in eGFR of 45 ml/min/1.73 m 2 /year. 9 Progression of renal fibrosis was defined as renal fibrosis index increased to Z0.5 in the repeat biopsy compared with that in the diagnostic biopsy.
Renal Histological Evaluation
Renal biopsy samples were reviewed and semi-quantitatively scored independently by two pathologists who were blinded to the identity of the tissue.
For analyzing glomerular sclerosis and tubulointerstitial fibrosis, the entire glomerular and interstitial compartments were scored separately using a semi-quantitative scoring system. 10 Glomerular sclerosis was classified as the following criteria: 0, no sclerosis; 1, o25% cross-sectional sclerosis; 2, 25-50% exhibiting sclerosis; and 3, 450% cross-sectional sclerosis. Interstitial fibrosis was graded according to the following scale: 0, no evidence of interstitial fibrosis; 1, o25% involvement; 2, 25-50% involvement; and 3, 450% involvement. Oxford classification was applied as previously described. 11 Vascular lesions, including arterial lesion and arteriolar hyaline, were scored using a semi-quantitative scoring system. 11 Renal Immunohistochemical Analyses AOPP expression was tested by using paraffin-embedded tissues sections cut at 5 mm. Renal tissue samples obtained from 100 IgAN patients and 3 controls (normal kidney tissue adjacent to renal carcinoma obtained from nephrectomy). After de-paraffinization and blocking of endogeneous peroxide activity, slides were microwaved in high power for 2 min and in low power for 10 min. The slides were then blocked with goat serum for 2 h and incubated with an anti-AOPPs mAb (3F2, 1:600) for 1 h at 37 1C. The primary anti-AOPPs mAb was produced by our laboratory and has been demonstrated to react specifically with hypochlorous acid-modified proteins but not with the native form or other oxidant-modified proteins. 12 After washing with PBS, a secondary goat anti-mouse antibody was added for 30 min in room temperature. The slides were visualized by diaminobenzidine using the REAL EnVision Detection Kit (Dako, Glostrup, Denmark) following the manufacturer's instructions. Hematoxylin was applied as a counterstain.
Semi-quantitation of AOPP staining was performed by the method introduced by Xavier et al 13 with minor modification. Briefly, the digital images of glomeruli or tubular interstitial area at 1360 Â 1024 pixel resolution were captured at Â 400 magnification by the DP 71 CCD camera (Olympus, Japan) coupled to an Olympus AX-70 microscope (Olympus). We randomly selected the serial number of the captured digital areas for analysis by coin flipping. The staining score of AOPPs was calculated by the Image-Pro Plus software (version 6.0, Media Cybernetics, Silver Spring, MD) and expressed as the ratio of integrated optical density (IOD) to observed area (IOD/area), representing the relative expression level of AOPPs in glomeruli and tubulointerstitial area.
Renal expression of TGF-b1, Ang II, and macrophage infiltration was assessed by the immunoperoxidase staining as described previously, 6,14 using a rabbit anti-human TGF-b1 polyclonal antibody (1:200, Santa Cruz Biotechnology, Santa Cruz, CA), a rabbit anti-human Ang II antibody (1:1500, Peninsula Laboratory, Los Gatos, CA), and an antihuman CD68 mAb (1:50, AbD Serotec, Kidlington, UK), separately.
The number of infiltrated macrophage was calculated by counting the CD68-positive cells in 10 randomly selected 0.25 Â 0.25 mm 2 areas of tubulointerstitium. The staining scores of TGF-b1 and Ang II were calculated as described above.
Renal Immunofluorescence Assays
Co-localization of AOPPs with TGF-b1 or Ang II was determined by double staining of immunofluorescence in 5-mm paraffin-embedded sections as previously described. 14 Briefly, the slides were blocked with goat serum and then incubated with the mixture of an anti-AOPPs mAb (1:50, 3F2) and an anti-TGF-b1 antibody (1:100, Santa Cruz) or an anti-AOPPs mAb (1:50, 3F2) and an anti-Ang II antibody (1:200, Peninsula Laboratory) overnight at 4 1C. The immunofluorescence staining was performed using dylight 488 conjugated goat anti-rabbit antibody (1:50, Jackson ImmunoResearch Laboratories, West Grove, PA) or dylight 594 conjugated goat anti-mouse antibody (1:100, Jackson ImmunoResearch Laboratories) at 37 1C for 2 h.
Laboratory Measurements
Plasma AOPP levels were determined at the time of diagnosis in all patients using a modified spectrophotometry method previously devised. 15 Serum levels of creatinine, lipids, C-reactive protein, and IgA were detected by Olympus AU5400 auto-analyzer (Olympus, Japan). The eGFR was calculated using the CKD-EPI formula. 16 Urinary protein excretion was measured by the biuret method using the 24-h collected urine samples.
Statistical Analyses
The sample size estimation was conducted with the nQuery Adivsor software 7.0 (Statistical Solutions Ltd., Cork, Ireland). Because no data on predictive effect of renal AOPP expression in patients with IgAN were available, we assumed that the predictive accuracy should be at least 70% to meet clinical implication. We expected that using renal AOPP expression as a marker would yield a diagnostic accuracy of 84%. The sample size was estimated at 75 cases by setting a statistical power of 80% at a two-sided significance level of 0.05.
Statistical analysis was performed using the SPSS 17.0 (SPSS, Chicago, IL). The continuous variables were expressed as mean ± s.d. or median (interquartile range). Categorical variables were expressed as percentages. The Student's t-test and the Mann-Whitney U test were used to compare normally and not normally distributed variables, respectively. The categorical data were compared with Pearson w 2 test. Correlations were determined using the Pearson's correlation coefficient for normally distributed data and the Spearman's rank correlation coefficient for non-normally distributed data. Multiple linear regression analysis was conducted to determine the variables associated with the staining score of AOPPs. The independent effects of variables on the staining scores of AOPP were analyzed by stepwise multivariate linear regression analysis (Po0.05 for entry and PZ0.05 for removal). To analyze the predictors for progression of renal fibrosis or rapid progression of CKD, multivariable logistic regression analysis was performed. All P values were twotailed and those o0.05 were considered significant. To determine the performance of renal AOPP expression for predicting rapid progression of CKD or progression of renal fibrosis, a conventional receiver-operating characteristic curve was generated and the area under the curve (AUC) of renal AOPP expression was analyzed.
RESULTS

AOPP Expression in Renal Tissue from Patients with IgAN
Patients' characteristics at the time of diagnosis are shown in Table 1 . Included patients presented relatively low-grade tissue lesions.
As shown in Figure 1a , the expression of AOPPs was detected predominantly in podocytes and mesangial cells (a1), arterial/arteriolar endothelial cells (a2), interstitialinfiltrating cells (a3 and a4), and tubule epithelial cells (a5). The specificity of the immunoreactivity was confirmed by the positive staining using an anti-AOPPs mAb preincubated with native albumin (a6) and the negative staining using an anti-AOPPs mAb preincubated with AOPPs-albumin (a7) or non-immune IgG instead of primary mAb (a8). In most of the patients, renal AOPP expression was evenly distributed in renal cortex. As shown in Figure 1b , all IgAN patients in this cohort had AOPP expression in glomeruli and tubules. AOPP expression was found in arterial endothelial cells in 88% of the patients and in interstitial infiltration cells in 27% of the patients. The staining score of AOPPs was higher in tubular interstitial area than in glomeruli (Po0.01, Figure 1c) . The normal kidney tissue adjacent to renal carcinoma obtained from nephrectomy was used as the normal controls in the immunohistochemical analysis. There was no AOPP expression in the normal renal tissues (Figure 2a ).
Renal AOPP expression Closely Correlated with Tissue Inflammation
To determine the factors that correlate with the renal AOPP expression, we performed a Spearman's rank correlation test to estimate relationships between the variables. Multiple linear regression analysis was then performed to determine the independent relationship of the variables with renal AOPPs. As shown in Table 2 , the number of glomerular macrophage and mesangial hypercellularity were significantly correlated with glomerular AOPP expression. Twenty-six percent (R 2 ) of the variance of glomerular AOPP expression could be predicted by the two parameters. In addition, plasma AOPP level and the number of interstitial macrophage were significantly correlated with AOPP staining score in tubulointerstitial area. Forty-one percent of the variance of tubulointerstitial AOPPs could be predicted by these parameters. Renal AOPP expression also correlated with histological lesions scored by MEST (Supplementary  Table S1 ).
Because plasma AOPP levels were independently associated with AOPP expression in tubulointerstitial area, we further compared the level of interstitial macrophage infiltration in patients stratified by the level of plasma AOPPs (greater or less than or equal to the mean). Interstitial macrophage infiltration was more obvious in patients with higher tubulointerstitial AOPPs score (greater than the median) than those with lower expression (less than or equal to the median) in each category of plasma AOPPs (Supplementary Figure S1) .
Correlation between Location of Renal AOPPs and Clinical Manifestations at the Time of Diagnosis
As AOPP expression was found in interstitial-infiltrating cells and arterial/arteriolar endothelium in a portion of patients with IgAN, we next compared the major clinical and histological variables between the patients with or without AOPP expression in these sites. Compared with those with negative AOPP expression in interstitial-infiltrating cells, patients with positive AOPP expression showed increased prevalence of hypertension (15.5 vs 48.3%, P ¼ 0.001) and higher tubulointerstitial lesion grades of Oxford-MEST (28.2 vs 62.1%, P ¼ 0.002). Interestingly, patients with positive staining of AOPPs in vascular endothelial cells had a significant increase Renal AOPP expression at Initial Biopsy Predicted Rapid Progression of CKD during Follow-up Seventy-seven (77%) patients in the cohort were followed for a mean of 4.2 years. Among these patients, 25 (32%) were treated with RAS inhibitors and 52 were (68%) treated with a combination of steroid and RAS inhibitors. There was no Renal AOPPs predicts fibrosis in IgAN J Wang et al statistically significant difference in AOPP expression and MEST score between patients who did and did not subsequently receive steroid therapy (Supplementary Table S2 ). No statistically significant difference was found in the proportion of patients with rapid progression of CKD between those treated with (27/52) and without (13/25) steroid therapy (P40.05).
As shown in Figure 3a , glomerular or tubulointerstitial staining score of AOPPs at diagnosis was negatively correlated with the changes of eGFR during follow-up. Compared with those with negative AOPP staining, patients with positive staining of AOPPs in interstitial-infiltrating cells had more obvious decline of eGFR during follow-up. Renal AOPP staining score greater than the median at diagnosis was associated with higher incidence of rapid progression of CKD with to those with score less than or equal to the median (Figure 3b ). MEST criteria also had trend for predicting changes of proteinuria and eGFR, but only glomerular Table S3 ).
To examine the predictive performance of renal AOPP expression on rapid progression of CKD, the AUC of renal AOPP staining scores at different cutoff values were generated. Patients with renal AOPP staining scores greater than the best cutoff at diagnosis had higher incidence of rapid progression of CKD compared with those with the staining scores less than or equal to the best cutoff (Supplementary Figure S2) .
Renal AOPP staining score higher than the best cutoff or AOPP positive expression in interstitial-infiltrating cells independently predicted rapid progression of CKD in a multivariable logistic regression analysis even adjusted for histological changes (MEST) at baseline, renal inflammation, and other known clinical risk factors (Table 3 ). The risk of renal function decline (45 ml/min/1.73 m 2 /year) in patients treated with steroid appeared to be similar among subgroups classified according to glomerular AOPP levels and histological lesions (M1 and E1) (Supplementary Table S4 ). However, there is no statistically significant difference in the progression of CKD between patients with baseline plasma AOPP level higher and lower than the median (58.3 mmol/l) (data not shown).
Renal AOPP expression at Initial Biopsy Predicted Progression of Renal Fibrosis
Thirty patients received repeat biopsy at a mean of 42 months. The characteristics of these patients at the time of diagnosis and repeat biopsy are shown in Table 4 . Urinary protein excretion rate was significantly reduced at the time of repeat biopsy, while tubulointerstitial lesion (Oxford-MEST) and renal fibrosis score significantly increased. There were no significant changes in blood pressure and the level of serum creatinine. No statistically significant difference was found in the changes of macrophage infiltration and MEST between patients treated with (20/30) and without (10/30) steroid therapy (Supplementary Table S5 ).
As shown in Figure 4a , renal AOPP expression at initial biopsy was positively correlated with changes of renal fibrosis score at repeat biopsy. A staining score of AOPPs greater than the median or positive staining of AOPPs in interstitial-infiltrating cells at diagnosis was associated with an increased risk of renal fibrosis score at the time of repeat biopsy (Figure 4b ). Renal AOPP staining scores greater than the best cutoff at baseline was also associated with higher incidence of renal fibrosis progression compared with those with the staining scores less than or equal to the best cutoff (Supplementary Figure S2) .
Renal AOPP staining score higher than the best cutoff and AOPP positive expression in interstitial-infiltrating cells were the independent predictors for progression of renal fibrosis in a multivariate logistic regression analysis even adjusted for histological changes (MEST) at baseline, renal inflammation, and other known clinical risk factors (Table 5) .
DISCUSSION
The clinical outcome of patients with IgAN is highly variable. The limited ability to predict outcome in individual IgAN patients emphasizes the need to identify new markers for disease progression. 19 The present study demonstrated that renal AOPP expression level and distribution were associated with tissue cellular inflammation in IgAN patients presented with relatively low-grade lesions and normal renal function. Higher level of renal AOPP expression at diagnosis independently predicted the risk of rapid progression of CKD and progression of renal fibrosis during follow-up. To the best of our knowledge, this is the first report indicating that renal AOPP expression might be an early predictor, detectable at the time of diagnosis, for renal progression in patients with relatively early stage of IgAN.
Although there is a general consensus regarding easily measurable clinical risk factors associated with adverse prognosis such as proteinuria, 20 not all patients with 'lowrisk' clinical features have a benign course. 21 Glomerulosclerosis and interstitial fibrosis are strong independent predictors of progression, 1 but these histological changes are advanced lesions and had limited predictive value in patients with early disease. Therefore, it would be ideal to have early indicators to identify patients at high risk of progressive disease. The present study provides several lines of evidence supporting that AOPP accumulation in renal tissue might be a useful predictor for renal progression in patients with relatively early stage of IgAN. First, overexpression of AOPPs in glomeruli and tubulointerstitial area closely correlated with tissue cellular inflammation such as mesangial hypercellularity and macrophage infiltration in patients who met the characteristics of early or low-grade lesions of IgAN. 22 Renal AOPP expression may be not specific for IgAN, as it can also be found in other CKD, such as diabetic nephropathy. 12 Co-localization of AOPPs with TGFb1 and Ang II supports that AOPP expression are associated with pro-inflammatory and pro-fibrotic processes in the kidney. Irrespective of the initial injury to the tissue, inflammation is closely related to tissue scar formation. 23 Second, the level of renal AOPP expression at initial biopsy Renal AOPPs predicts fibrosis in IgAN J Wang et al closely correlated with increase in renal fibrosis index in 30 IgAN patients who received repeat renal biopsy. Renal AOPP expression was also associated with rapid progression of CKD during follow-up. Higher level of renal AOPP expression at initial biopsy was associated with significantly increased likelihood of renal fibrosis progression and rapid progression of CKD in multivariate regression analysis adjusted for other known risk factors. Third, patients who had AOPP expression in interstitial-infiltrating cells showed more prevalence of hypertension and more severe renal histological injury. AOPP localization in interstitial-infiltrating cells was an independent predictor for progression of renal fibrosis even after multivariate adjustment. Given that renal fibrosis is the common pathway for progression of CKD, 24 our results suggest that renal AOPP expression might be a novel marker for risk stratification in patients with IgAN. Our results support the previous reports in which circulating AOPP level is predictive for renal surviving in patients with IgAN. 25 Plasma AOPPs may be generated by activated monocytes during oxidative stress seen in patients with IgAN. 5 Although our data failed to find the difference in progression of IgAN between those with baseline plasma AOPP level higher and lower than the median, we could not exclude the possibility that this may relate to the characteristic of the cohort which included only those with low or moderate risk for renal progression. Furthermore, measurement of plasma AOPPs has been questioned, because it is interfered by the confounding factors, such as hyperlipidemia. 26 Besides reflecting progressive disease, higher plasma AOPPs concentration can also result from impaired renal function. 27 These factors may limit the predictive value of circulating AOPPs in a portion of IgAN patients. The finding that renal AOPP accumulation reflected progression of renal fibrosis supports the hypothesis that the oxidative milieu is a risk factor for progression of IgAN. In addition to being markers of oxidative protein damage, AOPPs have an important role as effector molecules, by activating monocytes and triggering respiratory burst and inflammation, 28 and inducing vascular endothelial dysfunction by activating endothelial cells. 29 AOPPs, through triggering intracellular production of superoxide, induce podocyte depletion, 30 increase synthesis of extracellular matrix in mesangial cells, 31 and activate RAS in tubular epithelial cells. 14 The clinical support for this hypothesis would be that antioxidant therapy is effective in treating CKD, including IgAN. 32, 33 Given that oxidative stress and inflammation occur early and might be modifiable in IgAN, 5 therapeutic strategies aimed at reducing oxidative stress and inflammation seem to be very promising for future intervention of IgAN.
Up to now, our ability to reliably risk-stratify patients with IgAN at the time of diagnosis or during early follow-up remains limited. In most published studies, multivariate analysis based on renal survivorship identified impaired renal function and heavy proteinuria at presentation as the main predictors of poor outcome in adult patients. [34] [35] [36] Urinary protein excretion in excess of 2 g/day is a strong marker of a progressive course, but such a heavy proteinuria is infrequently present at clinical onset of IgAN or at initial biopsy. 37, 38 Proteinuria was Z2 g/day at diagnosis of IgAN in only 17% of our patients. Likewise, impairment of renal function, once established, usually relentlessly progresses towards ESRD. Therefore, these risk factors, as reported in most studies, are somewhat insensitive. It would be much more relevant to detect patients at risk of developing progressive disease at an earlier stage of IgAN, when eGFR is still normal or nearly normal and when therapeutic intervention has the best chances of stopping or delaying the progression. We found that renal AOPP expression, at the time of diagnosis, was predictive for progression of renal fibrosis in IgAN patients with low-grade lesion, providing new information for early risk stratification in patients with IgAN.
Our study has a limitation. This is a single-center study with relatively small sample size and not including patients with nephrotic range proteinuria. The number of patients who received repeat renal biopsy is limited. Therefore the finding of the study needs to be further validated in multicenter and large sample cohort study.
In conclusion, our results validate the early predictive value of renal AOPP accumulation on renal progression in IgAN patients with low-grade lesion and normal renal function. This emphasizes the need for including oxidative stress biomarkers to early identify disease progression, prognosis, and probably therapeutic response in IgAN.
